This study was designed to clarify the nature of effects of trichloroethylene (TCE) on the central nervous system, and to determine the critical concentrations in blood associated with specific behavioural changes. This was achieved by a follow up of the whole time course of TCE intoxication during and after exposure. The effects of a sinigle four hour exposure to TCE on signalled bar press shock avoidance in rats were tested by methods previously applied to investigate the acute neurobehavioural effects of exposure to toluene. The effects of TCE on the central nervous system were different from those of toluene. Even low exposure to TCE induced shock avoidance performance decrements in rats. Rats exposed to 250 ppm TCE showed a significant decrease both in the total number of lever presses These results showed effects of TCE on the central nervous system that were considered to be a function of both the exposure concentration and the duration of exposure, which are closely related to the TCE concentration in blood.
exposure to TCE on signalled bar press shock avoidance in rats were tested by methods previously applied to investigate the acute neurobehavioural effects of exposure to toluene. The effects of TCE on the central nervous system were different from those of toluene. Even low exposure to TCE induced shock avoidance performance decrements in rats. Rats exposed to 250 ppm TCE showed a significant decrease both in the total number of lever presses and in avoidance responses at 140 minutes of exposure compared with controls. The rats did not recover their preexposure performance until 140 minutes after the exhaustion of TCE vapour. Exposures in the range 250 ppm to 2000 ppm TCE for four hours produced concentration related decreases in the avoidance response rate. No apparent acceleration of the reaction time was seen during exposure to 1000 or 2000 ppm TCE. The latency to a light signal was somewhat prolonged during the exposure to 2000 to 4000 ppm TCE. It is estimated that there was depression of the central nervous system with slight performance decrements and the corresponding blood concentration was 40 jg/ml during exposure. Depression of the central nervous system with anaesthetic performance decrements was produced by a blood TCE concentration of about 100 iggml.
These results showed effects of TCE on the central nervous system that were considered to be a function of both the exposure concentration and the duration of exposure, which are closely related to the TCE concentration in blood.
(British Journal ofIndustrial Medicine 1993;50: [470] [471] [472] [473] [474] [475] [476] [477] [478] [479] [480] Trichloroethylene (TCE) has long had application as a degreasing agent and solvent in industry. Evidence that TCE might be a carcinogen has reduced its use during recent decades, but it is still widely used because of its powerful degreasing action. It Minutes Figure 3 Performance changes of rats during and after a four hour inhalation exposure to 1000 ppm TCE.
The behavioural baseline was established in the animals after 10 to 15 training sessions. After this, eight rats in which avoidance rate succeeded in over 80% of the trials were selected and exposed first to air as a control and then to TCE and air alternatively. The animals were placed into Skinner boxes to test their lever pressing behaviour under the described avoidance schedule from 9 00 am every day. They were exposed to TCE or air for four hours from 10 00 am to 2 00 pm and the observations were continued for about two hours after the exhaustion of TCE. The interval between exposure to TCE in any rat was set at 10-20 days to avoid lingering effects of the previous exposure. The numbers of lever presses and shocks received per 20 minute period during these seven hour test periods were adopted as the behavioural test variables. Figure 5 Perfornmance changes of rats during and after a four hour inhalation exposure to 4000 ppm TCE. 
which the exposure effects, time effects, and the differences within eight individual rats were included as the three factors. Results Rats exposed to 250 ppm TCE showed a significant decline in both the total number of lever presses and in avoidance responses at 140 minutes of exposure compared with the controls. The rats did not recover to the level of performance before the exposure until 140 minutes after the exhaustion of TCE vapour (fig 1) .
The 500 ppm dose of TCE induced a significant decrease in total lever presses at 120 minutes of exposure compared with the matched air controls. The avoidance response rate was significantly lower than that of controls at periods before and after 240 minutes of exposure (fig 2) .
Rats exposed to 1000 ppm TCE for at least 20 minutes produced a statistically significant decrease in the avoidance response rate. Performance decrements continued during all periods of four hour exposure and even until 140 minutes after the removal of TCE vapour (fig 3) . the time during and after exposure to TCE. Figure 7 shows the latency, that is, the time elapsed from when the light was delivered as a signal in the conditioned avoidance response until the time when the rat pressed the lever. The latency to the light signal was prolonged during the exposure to 1000 to 2000 ppm TCE. Acceleration of the reaction time was only seen before the anaesthetic phase at the beginning of exposure to 4000 ppm. Figure 8 shows TCE uptake (inhalation) and elimination in the blood of rats exposed to TCE concentrations of from 250 to 4000 ppm for four hours. As a whole, there was a progressive increase in the quantity of TCE in blood throughout the four hour inhalation period. Most of the increase occurred during the initial hour of exposure. The time required for equilibrium in blood to be reached was about 40 minutes. The concentration of TCE in the blood after a single four hour exposure was linearly dependent on the concentration of TCE inhaled by the animals exposed to 250 ppm to 2000 ppm TCE (fig 9) . By contrast, the concentrations of TCE in blood of rats exposed to 4000 ppm TCE were lower than expected. The anaesthetic effects seemed to cause the suppression of the pulmonary uptake of TCE under 4000 ppm exposure. Figure 10 shows the relation between the avoidance response rate and the blood concentration, concentrations such as 4000 ppm, it was depressive. Both TCE and toluene have been abused because of the euphoric effects that some people hexposure. Shock experience on inhaling vapours-for example in avoldance pertormance decrements occurred wnen the TCE concentrations were from 10-40 pglml of blood and central nervous system depression with anaesthetic performance disorders was produced by blood TCE concentrations of over 100 pglml. The mean performance decrements when exposed to 1000 or 2000 ppm TCE seemed to be a biphasic and non-linear function of the blood concentration, mainly because of the great variability of response of individual rats under both TCE exposures, as already mentioned.
Discussion
The data reported on the neurobehavioural effects of low exposure to TCE are conflicting. An experiment on humans9 in which volunteers were exposed for two four hour exposures of 110 ppm TCE indicated significant alterations in performance on tests of tachistoscopic perception, immediate memory, and complex reaction time (both in response latency and regularity), whereas several subsequent attempts to obtain behavioural effects at concentrations of between 100 and 300 ppm have failed. '9-22 Exposure to TCE up to 200 ppm is commonly thought to cause only subtle or no effects on the behaviour of experimental animals in acute exposures.'0-'2 When rats were trained to swim a 4 m alley with and without a 27 g load attached to their tails, an 800 ppm concentration of TCE increased Trichloroethylene in air (ppm) Figure 9 Blood TCE concentration in rats exposed to TCE just after a four hour inhalation. Each point represents the geometrical mean (2 SEM). Trichloroethylene in blood (jig/ml) Figure 10 Relation between number of avoidances and blood TCE concentration. The mean (SEM) of lever pressing in eight rats at 20-40 minutes, 100-120 minutes, and 220-240 minutes after exposure are plotted against the mean TCE concentrations in the blood measured at the corresponding time.
one study about 4% of the workers were described as abusers.23 From our present experiment, however, it was clearly indicated that the acute effects of TCE on the central nervous system were quite different from those of toluene. Special attention should be paid to the fact that the performance disorders continued and sometimes were more clear after the cessation of exposure than during exposure. The pronounced performance decrement as a result of exposure to 250 ppm or 500 ppm TCE continued for 80 to 140 minutes after the end of exposure (periods F, G, and H, figs 1 and 2). Why performance decrements after the termination of exposure to 250 ppm and 500 ppm TCE were significant might be because of the metabolite of TCE.2&26 As has been shown by many studies one third to one half of the retained amount of TCE is metabolised to trichloroethanol and excreted in the urine as urochloralic acid. Trichloroethanol seems to play an important part in the pharmacodynamic and toxic effect of TCEfor instance, it was reported that trichloroethanol was at least three, and probably five to six times more effective at the same dose as TCE as measured by the threshold current intensity of electrical skin stimulation and the electrical excitability of the motor cerebral cortex. 27 There are only a few reports with data on blood concentrations of TCE during and after exposure. Astrand and OvrUm28 reported that during exposure to 540 mg/m3 (100 ppm) and 1080 mg/m3 (200 ppm) of TCE, the arterial blood concentration increased linearly with the concentration in the alveolar air. The blood concentrations of TCE at rest after 30 minutes of exposure were 1 1 mg/kg and 2 1 mg/kg, respectively and during a 50 Watt exercise, 2-7 mg/kg and 6-0 mg/kg respectively. Sato et a129 reported that just after the termination of a four hour exposure to 100 ppm TCE, blood concentration was 170 p/100 ml of blood. From these experiments on humans and our animal study, there seem not to be such large differences of concentration of TCE in blood between rats and humans. This is congruent with the fact that standardised metabolic capacities in rats and humans were considered to be similar to each other as judged by physiologically based pharmacokinetic data on trichloroethylene.30
The major purpose of this study was to investigate the critical concentration in blood associated with specific behavioural changes during and after exposure to TCE to understand the possible threshold and dose-response relation. According to our results, the effects on the central nervous system seem to be functions of both the exposure concentration and its duration, and are related to the increases in concentration of TCE in blood. It is estimated that depression of the central nervous system with slight performance decrements occurred when the blood concentration was 10 pg/ml during exposure. Depression of the central nervous system with anaesthetic performance decrements was produced by a blood concentration of TCE of about 120 pg/ml. Blood 
